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attribute data was obtained that are within a predetermined
distance to the principal point where the attribute is being
estimated. A secondary point may be selected and allocated a
masking zone and a determination made regarding whether
one or more distant secondary points are within the area of the
masking zone. In this regard, more distant secondary points

7,046,841 B1* 52006 Dowetal. ....coevnrnn. 382/154 that are inside a masking zone may be assigned less relevance
7,191,066 B1* 3/2007 Rahmesetal. ................. 702/5 when estimating the value of the attribute.

2003/0048430 Al* 3/2003 Morcom .......cc.eeuueneen 356/5.01

2004/0130702 Al* 7/2004 Juppetal. .....cocccoeeeees 356/5.01 20 Claims, 4 Drawing Sheets

102
, 4
/ PROCESSOR
/
Y 110
s/
100 7 104 |
P B MEMORY
2} OPERATING COMPUTER
-1 108
SYSTEM READABLE |,
MEDIUM
N SPATIAL DRIVE
N 114 L1~ INTERPOLATION
N APPLICATION
AN
N\
N\
\
\
\




US 7,650,240 B2

Sheet 1 of 4

Jan. 19, 2010

U.S. Patent

TS
[\
\
\
NOILLVIITddV
NOILVIOdYTINI N1 rIT
JAIIT TVILVdS
WAITIW .
T Fr1avaviy WALSAS
801 | -¥ALNdWOD ONLLPHAJO L A~zr7
AYOWIW
| T
f poI
Ir
0 /
YOSSTIOUd /
/
/ )

(

aor




U.S. Patent

Jan. 19, 2010

Sheet 2 of 4

IDENTIFY PRINCIPAL POINT WHERE
ESTIMATE WILL BE GENERATED

l 204
_J

IDENTIFY SECONDARY POINTS THAT
ARE WITHIN A PREDETERMINED
DISTANCE TO THE PRINCIPAL POINT

l 206
_J

SORT SECONDARY POINTS BASED ON
DISTANCE

INSIDE MASKING

ZOgVE
. /— 218

SET VARIABLE TO INDICATE
THAT SECONDARY POINT IS
INSIDE MASKING ZONE

LI

208
y

INITIALIZE VARIABLES

»

210 «
/\J

y
SELECT SECONDARY POINT IN OUTER
LOOP

2

| YES

ADDITIONAL
ITERATION THROUGH
INNER LOOP
e

ADDITIONAL
ITERATION IN OUTER

IDENTIFY MIDPOINT

214 <

_

SELECT SECONDARY POINT IN INNER
LOooP

LOOP
?

224

PERFORM
COMPUTATION TO
ESTIMATE ATTRIBUTE
VALUE

Fig.2.

US 7,650,240 B2



U.S. Patent Jan. 19, 2010 Sheet 3 of 4 US 7,650,240 B2

304

10
b

312
/
P

N
308

\1

30

300
Fig.3.



U.S. Patent Jan. 19, 2010 Sheet 4 of 4 US 7,650,240 B2

3 3 3 3 S
N ™y %y ) ™
o~
:\\D
o
N
L3
=
S 3
o e}

R —

\
ig.4.

300



US 7,650,240 B2

1
ESTIMATING AN ATTRIBUTE VALUE USING
SPATTAL INTERPOLATION AND MASKING
ZONES

BACKGROUND

Advancements in airborne and satellite laser scanning
technology provide an opportunity to obtain more accurate
information about target locations on the ground. In this
regard, Light Detection and Ranging (“LLiDAR”) is an optical
remote scanning technology used to identify distances to
remote targets. For example, a laser pulse may be transmitted
from a source location, such as an aircraft or satellite, to a
target location on the ground. The distance to the target loca-
tion may be quantified by measuring the time delay between
transmission of the pulse and receipt of one or more reflected
return signals. Moreover, the intensity of a reflected return
signal may provide information about the attributes of the
target. In this regard, targets on the ground will reflect return
signals with varying amounts of intensity that depends on a
number of different factors.

LiDAR optical remote scanning technology has aspects
that make it well-suited for identifying attributes of target
locations. For example, the wavelengths of a LiDAR laser
pulse are typically produced in the ultraviolet, visible, or near
infrared areas of the electromagnetic spectrum. These short
wavelengths are very accurate in identifying the geographic
location of targets that generate a return signal, such as veg-
etation. Also, LiDAR offers the ability to perform high sam-
pling intensity, extensive aerial coverage, as well as the ability
to penetrate the top layer of a vegetation canopy.

Those skilled in the art and others will recognize that
LiDAR optical remote scanning technology may be used to
obtain a sample set of information about targets on the
ground. Typically LiDAR pulses are transmitted from a
source location over a regularly spaced pattern. Thus, LiDAR
technology may only be used to obtain definitive elevation
information about a sample set of ground locations that are
along the regularly spaced pattern. It would be beneficial to
have a system that is capable of processing LiDAR data and
accurately estimating the elevation of ground locations that
are not contacted with a LiDAR laser pulse or other attribute
that was not directly measured by LiDAR instrumentation.

Some existing systems use a technique known as spatial
interpolation to predict the value of an attribute at an unknown
point, such as the point’s elevation, based on one or more
sample point values. Typically, when applying spatial inter-
polation techniques to perform geographic estimates, a trans-
formation is performed between information measured at
scattered points to grids that are suitable for modeling and
visualization. Using a grid, the elevation of a grid element
may be predicted based on sample point values. In this regard,
spatial interpolation is used to estimate a value of a variable at
an unsampled location from data obtained from spatially
related locations. Spatial interpolation is based on the princi-
pal of spatial dependence which measures the degree of
dependence between near and distant points. However, trans-
forming sample data onto a grid when performing spatial
interpolation is algorithmically complex and a resource inten-
sive task. In this regard, a long-standing need exists to per-
form spatial interpolation in a way that minimizes the perfor-
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2

mance impact of estimating attributes at a geographic point
based on one or more sample point values.

SUMMARY

This summary is provided to introduce a selection of con-
cepts in a simplified form that are further described below in
the Detailed Description. This summary is not intended to
identify key features of the claimed subject matter, nor is it
intended to be used as an aid in determining the scope of the
claimed subject matter.

Aspects of the present invention are directed to estimating
the value of an attribute at a specified geographic location. In
one embodiment, a method is provided that estimates the
elevation at a principal point using LiDAR data that was
collected from spatially related secondary points. More spe-
cifically, the method includes identifying secondary points
where sample attribute data was obtained that are within a
predetermined distance to the principal point where the
attribute is being estimated. A secondary point may be
selected and allocated a masking zone and a determination
made regarding whether one or more distant secondary points
are within the area of the masking zone. In this regard, more
distant secondary points that are inside a masking zone may
be discarded or assigned less relevance when estimating the
value of the attribute.

DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same become better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1 depicts components of a computer that may be used
to implement aspects of the present invention;

FIG. 2 depicts an exemplary interpolation routine for pre-
dicting the value of an attribute that was not measured directly
in accordance with one embodiment of the present invention;

FIG. 3 depicts an exemplary map with principal and sec-
ondary points that may be used to illustrate aspects of the
present invention; and

FIG. 4 depicts the map of FIG. 3 with additional attributes
that may be used to illustrate aspects of the present invention.

DETAILED DESCRIPTION

Prior to discussing the details of the invention, it should be
understood that the following description is presented largely
in terms of logic and operations that may be performed by
conventional computer components. These computer compo-
nents, which may be grouped in a single location or distrib-
uted over a wide area, generally include computer processors,
memory storage devices, display devices, input devices, etc.
In circumstances where the computer components are distrib-
uted, the computer components are accessible to each other
via communication links.

While the present invention will primarily be described in
the context of using LiDAR data to estimate the elevation at a
geographic point, those skilled in the relevant art and others
will recognize that the present invention is also applicable in
other contexts. For example, aspects of the present invention
may be implemented using other types of data collection
systems other than LiDAR to obtain the sample data. In any
event, the following description first provides a general over-
view of a computer system in which aspects of the present
invention may be implemented. Then, a method for estimat-
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ing the value of an attribute at a specified geographic location
using LiDAR data that does not directly measure the attribute
will be described. The illustrative examples provided herein
are not intended to be exhaustive or to limit the invention to
the precise forms disclosed. Similarly, any steps described
herein may be interchangeable with other steps, or a combi-
nation of steps, in order to achieve the same result.

Now with reference to FIG. 1, an exemplary computer 100
with components that are capable of implementing aspects of
the present invention will be described. Those skilled in the
art and others will recognize that the computer 100 may be
any one of a variety of devices including, but not limited to,
personal computing devices, server-based computing
devices, mini and mainframe computers, laptops, or other
electronic devices having some type of memory. For ease of
illustration and because it is not important for an understand-
ing of the present invention, FIG. 1 does not show the typical
components of many computers, such as a keyboard, amouse,
a printer, a display, etc. However, the computer 100 depicted
in FIG. 1 includes a processor 102, a memory 104, a com-
puter-readable medium drive 108 (e.g., disk drive, a hard
drive, CD-ROM/DVD-ROM, etc.), that are all communica-
tively connected to each other by a communication bus 110.
The memory 104 generally comprises Random Access
Memory (“RAM”), Read-Only Memory (“ROM”™), flash
memory, and the like.

As illustrated in FIG. 1, the memory 104 stores an operat-
ing system 112 for controlling the general operation of the
computer 100. The operating system 112 may be a general
purpose operating system, such as a Microsoft® operating
system, a Linux® operating system, or a UNIX® operating
system. Alternatively, the operating system 112 may be a
special purpose operating system designed for non-generic
hardware. In any event, those skilled in the art and others will
recognize that the operating system 112 controls the opera-
tion of the computer by, among other things, managing access
to the hardware resources and input devices. For example, the
operating system 112 performs functions that allow a pro-
gram to read data from the computer-readable media drive
108. In this regard, LiDAR data may be made available to the
computer 100 from the computer-readable media drive 108.
Accordingly, a program installed on the computer 100 may
interact with the operating system 112 to access LiDAR data
from the computer-readable media drive 108.

As further depicted in FIG. 1, the memory 104 additionally
stores program code and data that provides a spatial interpo-
lation application 114. In one embodiment, the spatial inter-
polation application 114 comprises computer-executable
instructions that, when executed by the processor 102, esti-
mates the value of an attribute at a geographic point based on
sample data from one or more spatially related points. For
example, the spatial interpolation application 114 may be
used to predict the elevation at a location from data obtained
at nearby points. By way of another example, the spatial
interpolation application 114 may be used to predict the
intensity of a return signal at a location that was not contacted
with a LiDAR pulse. Accordingly, aspects of the present
invention perform processing to predict the value of an
attribute that was not measured directly. In this regard, an
exemplary embodiment of a routine implemented by the spa-
tial interpolation application 114 that performs a calculation
to estimate the value of an attribute is described below with
reference to FIG. 2.

FIG. 1 depicts an exemplary architecture for the computer
100 with components that may be used to implement one or
more embodiments of the present invention. Of course, those
skilled in the art and others will appreciate that the computer

20

25

30

35

40

45

50

55

60

65

4

100 may include fewer or more components than those shown
in FIG. 1. Moreover, those skilled in the art will recognize that
a specific computer configuration and examples have been
described above with reference to FIG. 1. However, these
specific examples should be construed as illustrative in
nature, as aspects of the present invention may be imple-
mented in other contexts without departing from the scope of
the claimed subject matter.

Now with reference to FIG. 2, an exemplary interpolation
routine 200 that predicts the value of an attribute at a geo-
graphic point will be described. For example, the interpola-
tion routine 200 may be used to predict the elevation at a point
that is spatially related to other points in which LiDAR data
was obtained. As mentioned previously, LiDAR is an optical
remote scanning technology that may be used to identify
distances to remote targets. In this regard, a series of laser
pulses may be transmitted from an aircraft, satellite, or other
source location to target locations on the ground. Some of the
laser pulses may contact vegetation (leaves, branches, etc.),
while others contact the ground below the vegetation canopy.
In accordance with one embodiment, the interpolation rou-
tine 200 may be used to estimate the elevation of the ground
at a geographic point where a LiDAR pulse contacted veg-
etation. In this way, aspects of the present invention may be
used to identify elevation information so that the height of an
item of vegetation may be readily identified. However,
aspects of the interpolation routine 200 may be used to esti-
mate other attributes that were not measured directly in other
contexts without departing from the scope of the claimed
subject matter.

As illustrated in FIG. 2, at block 202 a principal point in
which an attribute will be estimated is identified by the inter-
polation routine 200. In one embodiment, an attribute at a
principal point, such as the elevation of the point, is estimated
based on the point’s spatial relationship to secondary points
in which the attribute value is known. In this regard, those
skilled in the art and others will recognize that spatial inter-
polation techniques quantify the degree of dependence
between distant points for the purpose of performing an esti-
mate.

As further illustrated in FIG. 2, at block 204, secondary
points that may be used to estimate the value of an attribute
are identified. More specifically, secondary points where
sample data was obtained that are within a predetermined
distance to a principal point are identified. In the context of
estimating an elevation, points that generated a return signal
with an elevation consistent with contacting the ground below
a vegetation canopy are identified, at block 204. Then, at
block 206, secondary points that are within the predetermined
distance to the principal point are sorted based on distance. In
this regard, the secondary point identified as being the closest
to the principal point is placed in the first position in the sorted
data. Moreover, the secondary point that is the farthest from
the principal point is placed in the last position in the sorted
data.

As further illustrated in FIG. 2, at block 208, variables are
initialized that will be used to estimate the value of an
attribute that is unknown. As described in further detail below,
a weighted mean approach in which certain data elements are
assigned more weight or significance may be used by aspects
of the present invention to perform the estimate. In one
embodiment, secondary points in which LiDAR data has
been obtained and the elevation is known are used to estimate
the elevation at a principal point in which the elevation is
unknown. Elevation information associated with secondary
points are given differing amounts of significance when per-
forming the estimate. In accordance with one embodiment,
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variables that will be used to calculate the weighted mean are
initialized at block 208 and dynamically updated as the inter-
polation routine 200 executes. For example, a variable initial-
ized at block 208 will store a summation of the distances
between the principal and the secondary points.

At block 210, a secondary point is selected from which
sample data was obtained on an iteration through an outer
loop. In accordance with one embodiment, points sorted at
block 206 are sequentially selected on an iteration of an outer
loop based on distance. In this regard, when block 210 is
initially reached, the closest secondary point to the principal
point is selected. As described in further detail below, a mask-
ing zone may be associated with the selected secondary point
that may be used to “mask-out” or discard less relevant sec-
ondary points. Moreover, when a secondary point is selected,
at block 210, certain administrative tasks are performed. For
example, the summation of distance between the principal
and secondary points is also updated at block 210.

For illustrative purposes and by way of example only, an
exemplary map 300 with attributes that may be used to
describe aspects of the present invention is depicted in FIG. 3.
The exemplary map 300 illustrates a landscape in which the
elevation at different geographic locations may vary. Accord-
ingly, the map 300 depicted in FIG. 3 includes the principal
point 302. In this regard, the elevation at the principal point
302 may be estimated by the interpolation routine 200 based
on elevation information obtained from other, spatially
related, geographic locations. To this end, the map 300 also
includes a set of secondary points 304, 306,308, 310, and 312
from which sample data has been obtained using LiDAR
instrumentation.

The interpolation routine 200 may perform processing to
estimate the elevation at the principal point 302. In this
regard, the secondary points 304-312 may be sequentially
selected and analyzed by the interpolation routine 200. As
mentioned previously, aspects of the present invention select
the secondary points 304-312 based on distance from closest
to farthest. For example, the secondary point 304 may be
initially selected at block 210 (FIG. 2) on an outer loop of
execution that is implemented by the interpolation routine
200. As described in further detail below, the secondary point
304 may be allocated a masking zone. In this instance and in
accordance with one embodiment, the more distant second-
ary points 306-312 may be “masked off” or discarded if they
are within the masking zone that is allocated to the secondary
point 304. In this way, aspects of the present invention use the
most relevant points when estimating the value of an attribute.
In accordance with another embodiment, secondary points
that are inside a masking zone are not discarded altogether but
assigned less significance than other secondary points.

Returning to FIG. 2, at block 212 of the interpolation
routine 200, a midpoint between a principal point in which an
attribute is being estimated and the secondary point selected
at block 210 is calculated. As described in detail below, the
midpoint identified by the interpolation routine, at block 212,
will serve as the vertex for a masking zone that is created by
aspects of the present invention. In any event, the midpoint is
calculated at block 212 using mathematical functions and
computational techniques that are generally known in the art.

Atblock 214, the interpolation routine 200 iterates through
an inner loop to select the next closest secondary point in the
secondary points sorted at block 208. Generally described, on
the outer loop implemented by the interpolation routine 200,
secondary points are selected and allocated a masking zone.
Then, on the inner loop, more distant secondary points are
sequentially selected. For each of the more distant secondary
points selected on the inner loop, a comparison is performed
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to determine whether the point is inside the area allocated to
the masking zone. More specifically, at decision block 216, a
determination is made regarding whether the secondary point
selected at block 214 is inside the area of a masking zone. In
this regard, the angle between the midpoint identified a block
212 and the secondary point selected at 214 is calculated
using a mathematical function. For example, the angle
between the midpoint and a secondary point may be calcu-
lated using the mathematical formula shown below in For-
mula 1.

u-v

leedlv]

Formula 1
cos @

wherein:

u=the vector from the principal point to the midpoint

v=the vector from the midpoint to the secondary point that
is allocated the masking zone

In accordance with one embodiment, if the angle between
the midpoint and the secondary point selected at block 214 is
greater than 45°, then a determination is made that the sec-
ondary point is not in the current masking zone. While the
interpolation routine 200 is described above as employing a
masking zone that extends outward from a midpoint at a 45°
angle, a masking zone may be created that has different
attributes than those described above. If a determination is
made at block 216 that the secondary point selected on the
inner loop is not inside the current masking zone, the inter-
polation routine 200 proceeds to block 220, described below.
In this instance, the secondary point selected on the inner loop
is still available to be used when estimating the value of the
attribute. Conversely, if a determination is made at block 216
that the point selected at block 214 is inside the current
masking zone, the interpolation routine 200 proceeds to block
218. Then, at block 218, a variable is set that indicates the
secondary point selected at block 214 is inside a masking
zone allocated to a more relevant secondary point. In one
embodiment, if block 218 is reached, the point selected at
block 214 is not used to estimate the value of an attribute at a
principal point. In an alternative embodiment, a secondary
point that is inside a masking zone is allocated less signifi-
cance than other points rather than being discarded altogether.

For illustrative purposes and by way of example only, the
exemplary map 300 described above with reference to FIG. 3
is also depicted in FIG. 4. Similar to the description above, the
map 300 includes the principal point 302 and the secondary
points 304-312. Also depicted in FIG. 4 is a masking zone 314
that is associated with the secondary point 304. As described
above, the interpolation routine 200 (FIG. 2) initially selects
the closest secondary point 304 and determines whether
other, more distant, secondary points are inside the masking
zone 314. More specifically and in accordance with one
embodiment, the interpolation routine 200 selects a second-
ary point 304 on an initial iteration through the outer loop to
determine whether any of the secondary points 306-312 are
inside an area defined by the lines 318 and 320 that extend
outward from the midpoint 322. As described previously, any
secondary point that is inside the masking zone 314 may be
discarded or assigned less significance when aspects of the
present invention estimate the value of an attribute at the
principal point 302.

Since the secondary points are selected based on distance,
the selection of the secondary point 304 for analysis by the
interpolation routine 200 on the outer loop precedes the selec-
tion and analysis of other, more distant, secondary points
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306-312. In the example depicted in FIG. 4, the secondary
point 310 is identified as being within the area of the masking
zone 314 that is allocated to the secondary point 304. Then,
the secondary point 306 is selected for analysis, and the
masking zone 324 is defined. In this instance, the secondary
point 308 is identified as being within the area of the masking
zone 324. However, the secondary point 312 is not within the
area of a masking zone that is allocated to another secondary
point.

Now with reference again to FIG. 2, at block 220, a deter-
mination is made regarding whether any additional iterations
through the inner loop for determining whether, more distant,
secondary points are inside the area of a masking zone are
necessary. In the example depicted in FIGS. 3 and 4, each of
the secondary points 306-312 are selected and a determina-
tion is made regarding whether they are within the masking
zone 314. In this example, if all of the secondary points
306-312 have notbeen selected, then the interpolation routine
200 proceeds back to block 214, and blocks 214-220 repeat
until the inner loop completes. Once all of the secondary
points 306-312 have been selected to determine whether they
are within the area allocated to the masking zone 314, the
interpolation routine 200 proceeds to block 222, described in
further detail below.

As further illustrated in FIG. 2, at block 222, a determina-
tion is made regarding whether additional secondary points
will be allocated a masking zone. As mentioned above, sec-
ondary points within a geographic area are initially sorted
based on their distance to a principal point in which an
attribute is being estimated. Then, the secondary points are
sequentially selected on the outer loop and allocated a mask-
ing zone as depicted in FIG. 4. In this regard, the analysis
performed by the interpolation routine 200 may identify sec-
ondary points that are within the masking zone of other sec-
ondary points. Accordingly, once the points 308 and 310 are
identified as being within the area of the masking zones 314
and 320, the interpolation routine 200 may not select and
perform additional analysis on these points. In any event, if
additional secondary points exist that will be allocated a
masking zone, the interpolation routine 200 proceeds back to
block 210 and blocks 210-222 repeat until all appropriate
secondary points have been selected. Conversely, if all of the
appropriate secondary points have been selected on the outer
loop, the interpolation routine 200 proceeds to block 224.

As further illustrated in FIG. 2, at block 224, a computation
is performed to estimate the value of an attribute that is
unknown. More specifically and in accordance with one
embodiment, the calculation performed at block 224 may use
formula 2 provided below to estimate the elevation at a par-
ticular point in which an attribute was not measured directly.

Formula 2

Estimated value =

wherein:

V =the value of the variable at the secondary points

dist,~the distance to the secondary points from the princi-
pal point

k=a supplied weighting parameter usually equal to 1 or 2

Significantly, the computation performed at block 224
applies a weighted mean approach to estimating the value of
an attribute at a specified geographic location. In other words,
some data elements may be given more weight or significance
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than other data elements. In this instance, secondary points in
which elevation information is known are assigned a variable
amount of significance depending on the proximity of a sec-
ondary point to a point where the elevation is being estimated.
As formula 2 indicates and in accordance with one embodi-
ment, the significance assigned to a secondary point may be
inversely proportional to the distance between the principal
and secondary point raised to a power. Thus, closer secondary
points may be assigned much greater significance than more
distant secondary points when performing the estimate.

In accordance with one embodiment, the value that is esti-
mated at block 224 may be the elevation at a location where
LiDAR data was collected. For example, LiDAR instrumen-
tation may be used to scan a geographic area. Some of the
LiDAR laser pulses may contact vegetation while others con-
tact the ground below a vegetation canopy. In this regard, the
calculation performed at block 224 may be used to estimate a
ground elevation at a geographic location where a LiDAR
pulse contacted vegetation and thus did not measure the
elevation of the ground directly. In other words, the LiDAR
pulses that contacted the ground below a vegetation canopy
may be used as secondary points to predict the elevation at a
nearby location. However, those skilled in the art and others
will recognize that a different attribute may be estimated
using the interpolation routine 200. Then, the interpolation
routine 200 proceeds to block 226, where it terminates.

Implementations of the present invention are not limited to
the illustrative embodiment of the interpolation routine 200
depicted in FIG. 2. In some instances, additional or fewer
steps than those depicted in FIG. 2 may be performed without
departing from the scope of the claimed subject matter. Also,
those skilled in the art and others will recognize that varia-
tions on the steps described above with reference to FIG. 2
may be performed in alternative embodiments of the present
invention. Thus, the interpolation routine 200 depicted in
FIG. 2 provides just one example of the manner in which an
embodiment of the invention may be implemented.

While illustrative embodiments have been illustrated and
described, it will be appreciated that various changes can be
made therein without departing from the spirit and scope of
the invention.

The embodiment of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A method executed in instructions on a computing
device for estimating the value of an attribute at a principal
point, the method comprising:

identifying one or more secondary points where sample

elevation data of the ground below vegetation canopy
was obtained that are within a predetermined distance to
the principal point;

sequentially selecting the one or more secondary points

identified as being within the predetermined distance to
the principal point;

for each secondary point selected:

allocating a masking zone to the selected secondary
point, the masking zone defining a geographic area
that originates from the selected secondary point, the
masking zone being more distant from the principal
point than the location of the selected secondary
point;

determining whether a more distant secondary point is
within the geographic area defined by the masking
zone allocated to the selected secondary point;

if the more distant secondary point is inside the geo-
graphic area defined by the masking zone, discarding
the elevation data associated with the more distant
secondary point relative to secondary points that are
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outside the geographic area defined by the masking
zone when estimating the elevation of the ground at
the principal point; and

calculating an estimate of the elevation at the principal
point, the calculation using a weighted mean parameter
to assign significance to secondary points that are not
inside a masking zone without employing a gap prob-
ability function to return signals of LiDAR data having a
reflectance value that is above a threshold indicative of
ground terrain.

2. The method as recited in claim 1, further comprising
assigning significance to secondary points based on the prox-
imity of the secondary points to the principal point.

3. The method as recited in claim 2, wherein the signifi-
cance assigned to secondary points is inversely proportional
to the distance raised to a power between the principal and
secondary points.

4. The method as recited in claim 1, wherein the secondary
points are geographic locations where a LiDAR return signal
from the ground below a vegetation canopy was generated.

5. The method as recited in claim 1, wherein sequentially
selecting the one or more secondary points includes main-
taining a summation of the distances between the principal
point and each selected secondary point.

6. The method as recited in claim 1, wherein the masking
zone is an area that extends at a 45° angle from a vertex at the
midpoint between the principal and the selected secondary
point.

7. The method as recited in claim 1, wherein secondary
points inside the masking zone are not assigned any signifi-
cance when estimating the value of the attribute at the prin-
cipal point.

8. A computer-readable medium with computer executable
components for estimating the elevation at a principal point
based on elevation data obtained from one or more spatially-
related secondary points, the computer-executable compo-
nents comprising:

a collection component for obtaining elevation informa-
tion at secondary points that generate return signals in
response to being contacted with a LiDAR laser pulse;

an interpolation component operative to identify and cause
the most relevant secondary points to be used when
estimating the elevation at the principal point, wherein
the interpolation component allocates a masking zone to
a first secondary point defining a geographic area that is
more distant to the principal point than the first second-
ary point and determines whether a second secondary
point is within the geographic area defined in the mask-
ing zone; and

a calculation component for calculating an estimate of the
elevation at the principal point, wherein if a second
secondary point is within the geographic area defined by
the masking zone allocated to a first secondary point, the
calculation component discards elevation data obtained
from the second secondary point when estimating the
elevation of the ground below a vegetation canopy at the
principal point; and

wherein calculating an estimate of the elevation at the
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principal point includes using a weighted mean param- g0

eter to assign significance to secondary points that are

not inside a masking zone without applying a gap prob-

ability function to return signals of LiDAR data having a

reflectance value that is above a threshold indicative of
ground terrain.

9. The computer-readable medium as recited in claim 8,

wherein the collection component is further configured to
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identify locations that generated return signals with an eleva-
tion that is consistent with contacting the ground.

10. The computer-readable medium as recited in claim 8,
wherein the interpolation component is further configured to
allocate a masking zone to the secondary points, wherein the
masking zone extends at a 45° angle from a vertex at the
midpoint between the principal point and the secondary
points.

11. The computer-readable medium as recited in claim 8,
wherein the interpolation component is further configured to
determine whether a more distant secondary point is within
the area of the masking zone.

12. The computer-readable medium as recited in claim 8,
wherein the significance assigned by the calculation compo-
nent is inversely proportional to the distance raised to a power
between the principal and secondary points.

13. The computer-readable medium as recited in claim 8,
wherein the calculation component is configured to estimate
the elevation of the return signal at the principal point.

14. A computing device, comprising:

a memory for storing data; and

a processing unit communicatively coupled to the memory,

wherein the processing unit is operative to:

identify one or more secondary points where sample eleva-

tion data of the ground below a vegetation canopy was
obtained that are within a predetermined distance to the
principal point;

sequentially select one or more secondary points identified

as being within the predetermined distance to the prin-
cipal point;

for each secondary point selected:

allocate a masking zone to the selected secondary point,
the masking zone defining a geographic area that
originates from the selected secondary point, the
masking zone being more distant from the principal
point than the location of the selected secondary
point;

determine whether a more distant secondary point is
inside the geographic area defined by the masking
zone allocated to the selected secondary point;

if the more distant secondary point is inside the geo-
graphic area defined by the masking zone, discard the
elevation data associated with the more distant sec-
ondary point relative to secondary points that are out-
side the geographic area defined by the masking zone
when estimating elevation of the ground at the prin-
cipal point; and
calculating an estimate of the elevation at the principal
point, the calculation using a weighted mean parameter
to assign significance to secondary points that are not
inside a masking without employing a gap probability
function to return signals of LiDAR data having a reflec-
tance value that is above a threshold indicative of around
terrain.

15. The computing device as recited in claim 14, further
comprising performing a calculation to estimate the value of
the attribute, wherein the calculation assigns significance to
secondary points based on the proximity of the secondary
points to the principal point.

16. The computing device as recited in claim 15, wherein
the significance assigned to secondary points is inversely
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proportional to the distance raised to a power between the
principal and secondary points.

17. The computing device is recited in claim 14, wherein
the secondary points are geographic locations where a
LiDAR return signal from the ground below a vegetation
canopy was generated.

18. The computing device as recited in claim 14, wherein
sequentially selecting the one or more secondary points
includes maintaining a summation of the distances between
the principal point and each selected secondary point.
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19. The computing device as recited in claim 14, wherein
the masking zone is an area that extends at a 45° angle from a
vertex at the midpoint between the principal and the selected
secondary point.

20. The computing device as recited in claim 14, wherein
the secondary points inside the masking zone are not assigned
any significance when estimating the value of the attribute at
the principal point.
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